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(571  ABSTRACT
The disclosed invention pertains to an intruder-detec-. '
tion system incorporating paired sensors with mini-

mum sensor balance restraints. The sensor requires as
few as three generally parallel trenches and an end

trench and thus is suitable for installation by unskilled

personnel in a relatively short time period. The sensor
of this invention may provide up to three intrusion

~ alarms indicative of a magnetic disturbance alone, or
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1
LINE INTEGRATED COMBINATION MAGNETIC
AND STRAIN LINE SENSOR

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufac-
tured, used, and licensed by or for the Government for
Governmental purposes without the payment to me of
any royalties thereon. |

BACKGROUND OF THE INVENTION

This invention relates to line sensors; and more par-
ticularly to a line integrated combination magnetic and
strain line sensor. o

There are many instances where one wishes to pro-
tect a given area against intrusion by a person or by an
object such as a vehicle or the like. Many different
types of alarm systems and detectors exist for protect-
ing a given area. One such system is a line sensor. Line
sensors.are buried in the ground of the area to be pro-
tected and respond to any intrusion into the area. Both
strain responsive and magnetic responsive line sensors
are utilized.

The prior-art strain sensors commonly use a coaxial
cable (strain cables) responsive to soil transmitted
strain. The response between the center conductor and
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BRIEF DESCRITION OF THE DRAWING

The exact nature and structural details of the inven-
tion will become apparent from the following detailed
description when read in conjunction with the annexed
drawing in which: | o

FIG. 1 shows a prior magnetic line sensor system;

- FIG. 2 shows a
tion; and |

FIG. 3 shows in block diagram form circuitry that
" may be utilized with the preferred embodiment of FIG. ~

2.

" DETAILED DESCRIPTION OF THE INVENTION
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outer braid of the cable results in an analog signal,

generated on the inner conductor, which can be pro-
cessed electronically to actuate an alarm.

Prior art magnetic sensors commonly utilize a buried
passive magnetic loop. Such loops are generally 300
meters long, coplanar with the earth’s surface and are
transposed at intervals. The transpositions are provided
to nullify geomagnetic perturbations which can induce
nuisance alarms. While such magnetic sensors have

proved effective, they have inherent deficiencies which

can limit their effectiveness. For example, if there is
any unbalance in opposing loop areas, a net noise
“Capture’’ area exists and this results in system vulner-

ability to nuisance alarming caused by lightning and

other sources of geomagnetic noise. In order to mini-

mize such false alarming, precise loop balance 1s re-

quired and such loop balancing can be accomplished
only by trained personnel. Further, due to the required
transpositions, these prior art loops are not readily

buried in the ground since they require a multitude of

‘cross trenches at five feet intervals.

This invention provides a combination magnetic and
strain line sensor that is readily installed and operated
by relatively unskilled personnel and 1s not as vulnera-
ble to nuisance alarming caused by lightning or other
geomagnetic noise as the prior transposed magnetic
loop systems. | | |

SUMMARY OF THE INVENTION

The combination magnetic and strain line sensor ot
this invention comprises two coaxial cable loops and
processing electronic circuitry. Three parallel trenches
are dug and the loops are placed in the trenches such
that one leg of each loop occupies the middle trench.
Magnetic sensing and processing circuitry is provided
to actuate a magnetic pick-up alarm and strain sensing
and processing circuitry is provided to actuate a pres-

sure alarm. In addition, circuitry is provided to actuate

a combined strain and magnetic alarm. The braid of the
coaxial cable used to make up the loops provides mag-
netic sensing and the center conductor of the cables

provides strain sensing.

Referring to FIG. 1, this Figure shows a typical layout
of a prior art magnetic line sensor. The magnetic line
sensor 1 of FIG. 1 includes a passive magnetic loop 2 -
that has the three transpositions or cross-overs 3,4 and
5, forming subloops 13, 14, 15 and 16. The trenches 6,
7 and 8 accomodate the outer perimeter of loop 2 and

the trenches 9, 10 and 11 accomodate transpositions 3,

4 and 5 respectively. After the trenches are dug and
loop 2 is placed in the trenches, these trenches are
covered over to conceal loop 2. The open end of loop
2 is coupled to the processing electronic circuitry 12,
If any object containing magnetic material or any
person carrying an object or objects containing mag-
netic material passes over any subloop of loop 2, loop
2 senses the magnetic disturbance caused by such ob-

30 jects and electronic circuitry 12 will produce a signal or

35

alarm indicating that an intrusion has occurred in the
area of loop 2. | o

Magnetic line sensors such as sensor 1 of FIG. 1
provide effective magnetic sensing; however such de-
vices have inherent deficiencies. Subloop pairs 13 and
14 and 15 and 16 delineate opposing subloop areas

~ which serve to nullify geomagnetic perturbances. How-
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“ever, if any unbalance exists in these opposing subloop

areas, a net noise ‘“‘capture’ area exists, and this results

in vulnerability to nuisance alarming caused by light-

ning or other geomagnetic noise. Thus, the opposing

‘subloop must be perfectly balanced to prevent such

nuisance alarming. Loop balance is a precise operation

requiring trained and skilled personnel. However, even |

with trained personnel, precise subloop balance is diffi-
cult, if not impossible, to obtain in the field. Even under
laboratory conditions, perfect subloop balance is diffi- -
cult to obtain. Thus, even if carefully installed and
balanced, the chances are great that some unbalance
will be present in the opposing subloop formed by the
transpositions 3, 4 and 5 and a net noise capture area
will exist in loop 2, thereby rendering loop 2 suscepti-

ble to nuisance alarming.

FIG. 2 shows a preferred embodiment of this inven-
tion which overcomes the problems of transducer 2 of
FIG. 1 and provides both magnetic and strain sensing.
As shown in FIG. 2, transducer 20 includes the two
loops 21 and 22. Loops 21 and 22 are formed from
coaxial cable having a braid and an inner conductor.

* The three parallel trenches 23, 24 and 25 and the
short end trench 26 are provided to accomodate loop
21 and 22. After trenches 23, 24, 25, and 26 are dug,
loops 21 and 22 are placed in these trenches such that
leg 28 of loop 21 and leg 29 of loop 22 are placed
parallel in trench 24 with leg 30 of loop 21 placed n
trench 23, leg 31 of loop 22 placed in trench 25 and the
short or closed ends of loops 21 and 22 placed in trench
26. These trenches are, of course, then filled with dirt

preferred embodiment of this inven-
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3
to conceal loops 21 and 22. The open end of loop 21

and the open end of loop 22 are both coupled to the
electronic circuitry 32. Electronic circuitry 32 is uti-
lized to process any signals from loops 21 and 22 and
provide an alarm or indication that an intrusion has

~ occured.
Loops 21 and 22 are generally up to 300 meters long -

and are generally equal 1n area but need not be pre-
cisely equal in area. Only a casual attempt is made to
valance loops 21 and 22 since any disparity can be

compensated by automatic gain control circuitry in
 electronic circuitry 32. Referning back to sensor 1 of
FIG. 1, 1t 1s also obvious that loops 21 and 22 do not
contain the transpositions of loop 2 of sensor 1. Thus,
- the inherent balancing pmblems encountered with loop
2 of sensor 1 and the noise “capture” problems of loop
2 are not present in loops 21 and 22 of sensor 20 of
FIG. 2.
-~ As mentmned above, sensor 21 is both a magnetic
“and a strain sensor. The braid of the coaxial cables used
- to form loops 21 and 22 provide magnetic pick-up and
the mner conductor provides the strain sensing. By
providing for magnetic and strain sensing, sensor 21
can operate i any one of three modes, strain sensing

. only mode, magnetic sensing only mode and combined
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- FIG. 3 shows, 1n block diagram form, circuit blocks

that may be utilized to fabricate electronic circuitry 32
of FIG. 2 to provide three distinct alarms that distin-
guish the three modes of operation. Referring to FIG.
3, the braid of the coaxial cable of loop 21 is coupled to
the magnetic input transformer 33 and the braid of the
coaxial cable of loop 22 is coupled to the magnetic
input transformer 34. The center conductor of loop 21

and the center conductor of loop 22 are coupled to
separate inputs of the strain channel differential ampli-

fier 35. The output of strain channel differential ampli-
fier 35 is coupled to the input of strain processing cir-
cuitry 37. Strain processing circuitry 37 1s any suitable

- circuitry that processes the output of differential ampli-
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strain and magnetic sensing mode. The strain only

mode of operation will occur if a magnetically clean
intruder, who may be carrying plastic explosives for
example, attempts to penetrate the area being moni-
tored by sensor 20. As this person crosses loops 21 and
- 22, a force or strain transmitied by the ground will be
~applied to loops 21 and 22 and an analog signal will be
generated. No magnetic sensing will take place since
plastic explosives are magnetically clean and the in-
~ truder was assumed to be magnetically clean. The ana-
“log signal will be processed by electronic circuitry 32,

and by providing appropriate circuitry, a strain only '

indication or alarm is generated by electronic cnrcmtry

The magnetic sensing only mode can occur 1if, for
example, the ground covering and surrounding loops
21 and 22 are heavily frozen. If the ground is frozen,
- the ground may not transmit the pressure to loops 21
and 22. If this is the case, only the magnetic distur-
bance created by the intruder will be picked up by
loops 21 and 22. The signal caused by this magnetic
disturbance will be processed by electronic circuitry 32
and if appropriate circuitry is provided, a magnetic
 only indication or alarm, distinct from the strain only
alarm, is generated. Of course, if magnetic sensing only
can be obtained because of frozen ground, the mtruder
cannot be magnetically clean or no alarm will occur.
This is not a serious problem since, magnetic sensing
only will rarely occur.

The most common mode of operation of sensor 20
will be the combined magnetic and strain mode. In this
mode both a strain signal and a magnetic signal are
generated in response to an intrusion in the area pro-
tected by loops 21 ang 22 and both these signals are

processed by electronic circuitry 32 to produce a com-
bination alarm or indication. The combination alarm
may be distinct from the magnetic only alarm and the
strain only alarm if appropriate processing circuitry is

provided. Of course only a single alarm or indication

need be provided for all three modes of operation.

However, with only a single alarm or indication, one
cannot determine the mode of operation of sensor 20.
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fier 35 to provide the desired output. For example, i
FIG. 3, the output lead 39 1s shown as going to a strain
alarm. The strain alarm may be an audio alarm such as
a bell, stren or the like or may be a visual indicator such
as a light or meter. Thus, processing circuitry 37 need
merely provide an output on lead 39 1n response to an
input from differential amplifier 35 that will actuate the
alarm device utilized. Differential amplifier 35 and
processing circuitry 37 provide an output on lead 39 to
actuate an alarm that indicates that only a strain re-
sponse has been obtained from loops 21 and 22, thus
indicating that sensor 20 is operating in the strain only
mode.

Magnetic input transformer 33 is coupled to one
input of the magnetic processing circuitry 36 and the
output of magnetic input transformer 34 1s coupled to
the other input of magnetic processing circuitry 36. In
response to an input from magnetic input transformer
33 and magnetic mput transformer 34, processing cir-
cuitry 36 provides an output signal on.the lead 41
which 1s shown as going to a magnetic alarm. As is the
case with the strain alarm, the magnetic alarm can be
an audio alarm or a visual alarm and processing cir-

cuitry 36 need merely provide a signal on lead 41 that

will actuate the alarm utilized. Input transformers 33
and 34 and processing circuitry 36 provide a signal on
lead 41 to indicate that only a magnetic response has
been received from loops 21 and 22 and that therefore
sensor 20 1s operating in the magnetic only mode.

Strain processing circuitry 37 has a second output
lead, the lead 40, and magnetic processing circuitry 36
also has a second output lead, the lead 42. Output lead
40 of strain processing circuitry 37 is coupled to one
input of the combination processing circuitry 38 and
output lead 42 of magnetic processing circuitry 36 1s
coupled to the other input of combined processing
circuitry 38. In response to a signal from both strain
processing circuitry 37 and magnetic processing Cir-
cuitry 36, combined processing circuitry 38 provides
an output signal on lead 43 which i1s shown as going to -
a combined alarm. The combined alarm may, for exam-
ple, be an audio or visual alarm and combined process-
ing circuitry 38 need merely provide a signal on lead 43
that will actuate the alarm utilized. When such a signal
appears on line 43, sensor 20 is operating in the com-
bined magnetic and strain mode.

The c1rcu1try of FIG. 3 1s shown in block dlagram_
form since all the circuits utilized are well known cir-
cuits and 1n fact various different known circuits could
be utilized to achieve the desired results. As shown iIn
F1G. 3, the circuitry does provide for distinct indica-
tions of the three modes of operation of sensors 20.
That 1s, an output will appear only on lead 39 1n the
strain mode, only on lead 41 in the magnetic mode and
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no output appears on lead 43 unless sensor 20 is oper-
ating in the combined mode. In the combined mode of
operation, a signal would also normally appear on lead
39 and on lead 41 and therefore all three alarms would
be actuated unless the signals on leads 39 and 41 are °
inhibited. Whether all three alarms operate 1n the com-
bined mode or only the combined alarm operates 1s
really a matter of choice since all three alarms being
actuated would provide a distinct combined alarm indi-
cation. If only the combined alarm is to be actuated,
the signals that would appear on leads 39 and 41 could
be inhibited or the associated alarms could be mhibited
during combined operation in any well known manner.
Further, only one alarm need be provided if one does
not wish to distinguish between modes of operation or
combined processing circuit 38 could be ehminated
since actuation of both the strain alarm and magnetic
alarm would provide an indication of the combined
mode of operation. These variations of the circuitry of
FIG. 3 are mentioned to illustrate that the circuitry of 20
FIG. 3 is given by way of example and that various
modifications can be made to this circuitry and that
other well known circuitry can be utilized.

In addition to providing only an indication that an
intrusion has taken place in areas protected by sensor
20 and in which of three modes sensor 20 1s operating,
more sophisticated but known circuitry could be pro-
vided in electronic circuitry 32 to obtain additional
information. Tests of sensor 20 have shown that the
loops 21 and 22 provide signals having well defined
waveshapes. Further, these well defined waveshapes
are different for different intruders. That 1s, a person
walking in the protected area produces a given wave-
shape that is different from the waveshape produced by
a vehicle and a wheeled vehicle may produce a wave-
shape that is different than the waveshape produced by
a tracked vehicle such as a tank. The waveshape of an
intruder is called the signature of that intruder. Thus,
by utilizing known wave analyzing and logic circuitry, it
is possible to distinguish between various different
types of intrusion. Of course, the signatures of various
intruders must be significantly different to be able to
distinguish between different types of intrusion. For
example, the difference between the signature of a
person and the signature of a heavy truck will be signifi-
cantly different but the difference between the signa-
ture of a truck, even a heavy truck, and the signature of
an automobile may not be sufficiently different to pro-
vide, even with complex circuitry, an output that will
distinguish between an automobile and a truck.

While the invention has been described with refer-
ence to a specific embodiment, it will be obvious to
those skilled in the art that various changes and modifi-
cations, other than those specifically menttoned, can be
made to the embodiment shown and described without
departing from the spirit and scope of the mvention as
set forth in the claims.

What is claimed 1s: |

1. A line integrated combination magnetic and strain
line sensor for indicating an intrusion into the area
being monitored by said sensor comprising:

first and second U shaped sensors, each of said sen-

sors having two elongated leg sections and a bot-
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~are each approximately 300 meters long.

6
tom section with said leg sections of each sensor
disposed in substantially the same plane, said sen-
“sors being juxtaposed such that one leg section of
said first sensor is disposed in close proximity to
one leg section of said second sensor, each of said -
first and second sensors consisting of a coaxial
cable with center and outer conductors and a se-
lected dielectric therebetween, each of said sensors.
being electrically open ended at both ends; o
first and second inductive coupling means each m-
cluding input means and output means, each of
said input means of said first and second coupling
‘means electrically connected across the outer con-
ductors of the ends of its respective coaxial sensor
such that any current flow in the outer conductor
loop formed by such electrical connection is induc-
tively coupled to its respective output means as an
electrical output signal representative of a respec-
tive earth’s magnetic field relation disturbance;
first signal comparator means having first and second
inputs thereof electrically connected to said output
means of said first and second inductive coupling
means, respectively, and adapted to produce an
output signal in response to input signal differ-
ences; - R -
first and second electrical shunt means electrically
connected across the inner conductors of the ends
of its respective coaxial sensor such that said inner
conductors of said first and second sensors form
first and second loop sections adapted to produce
an electrical signal representative of ambient strain
disturbances; | : | |
second signal comparator means having first and
second inputs thereof electrically connected to said
first and second loop sections, respectively, and
adapted to produce and output signal in response
to input signal differences; and I
alarm means electrically connected to said first and
second signal comparator means and adapted to
provide an area intrusion alarm in response to an
output signal from at least one of said first and
second signal comparator means. -
2. The line integrated combination magnetic and
strain line sensor as defined in claim 1 wherein said first
and second coaxial sensors are buried below the earth’s
surface in three substantially parallel trenches and a
relatively short end trench perpendicular thereto such
that the center trench of said three substantially paral-
lel trenches contains both said first and second coaxial
SENSOors. |
3. The line integrated combination magnetic and
strain line sensor as defined in claim 2 wherein said first
and second U shaped sensors generally encompass
substantially similar areas and said leg sections thereof

4. The line integrated combination magnetic and _

-strain line sensor as defined in claim 2 wherein said

alarm means is adapted to provide three distinctive
alarms representative of an intruder strain disturbance,
of an intruder magnetic disturbance, and of an intruder
strain and magnetic disturbance, as actually sensed by

said first and second sensor means.
£ % %k k%
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